In this paper, triple diffusive natural convection under Darcy flow over an inclined plate embedded in a porous medium saturated with a binary base fluid containing nanoparticles and two salts is studied. The model used for the nanofluid is the one which incorporates the effects of Brownian motion and thermophoresis. In addition, the thermal energy equations include regular diffusion and cross-diffusion terms. The vertical surface has the heat, mass and nanoparticle fluxes each prescribed as a power law function of the distance along the wall. The boundary layer equations are transformed into a set of ordinary differential equations with the help of group theory transformations. A wide range of parameter values are chosen to bring out the effect of buoyancy ratio, regular Lewis number and modified Dufour parameters of both salts and nanofluid parameters with varying angle of inclinations. The effects of parameters on the velocity, temperature, solutal and nanoparticles volume fraction profiles, as well as on the important parameters of heat and mass transfer, i.e., the reduced Nusselt, regular and nanofluid Sherwood numbers, are discussed. Such problems find application in extrusion of metals, polymers and ceramics, production of plastic films, insulation of wires and liquid packaging.
Introduction
Research on convective heat transfer in porous media has grown steadily during the past several decades due to its wide applications in civil, mechanical, and chemical engineering. These applications include crude oil extraction, food processing and storage, thermal energy storage, geophysical systems, electro-chemistry, metallurgy, underground disposal of nuclear or non-nuclear waste, cooling system of electronic devices, etc. Excellent reviews of the topics can be found in references by Nield and Bejan [1] , Pop and Ingham [2] and Ingham and [3] .
Convective heat transfer can be enhanced passively by changing the flow geometry, boundary conditions, or by enhancing thermal conductivity of the fluid. It is well known that conventional heat transfer fluids, including oil, water, and ethylene glycol mixture are poor heat transfer fluids, since the thermal conductivity of these fluids is low. A recent technique to improve the thermal conductivity of these fluids is to add nano-sized metallic particles such as aluminum, titanium, gold, copper, iron or their oxides in the fluid to enhance its thermal properties. The term Nanofluids (nanoparticle fluid suspensions) was coined by Choi and Eastman [4] in 1995, to describe this new class of nanotechnology-based heat transfer fluids that exhibit thermal properties superior to those of their base fluids or conventional particle fluid suspensions. The particles are different from conventional particles (millimeter or microscale) in that they keep suspended in the fluid and no sedimentation occurs. Choi et al. [5] and Masuda et al. [6] showed that even with the small volumetric fraction of nanoparticles (usually less than 5%), the thermal conductivity of the base liquid can be enhanced by 10-50%. The enhanced thermal conductivity of a nanofluid together with the thermal dispersion of particles and turbulence induced by their motion contributes to a remarkable improvement in the convective heat transfer coefficient.
A comprehensive survey of convective transport in nanofluids was made by Buongiorno [7] . He proposed a mathematical model to capture the nanoparticle/base fluid slip by treating the nanofluid as a two component mixture with Brownian diffusion and thermophoresis as the important factors in the convective transport process in a nanofluid, which were introduced in the conservation equations for mass and energy. Research in natural convective heat transfer in nanofluids have found a fast pace in the last few years. Kuznetsov and Nield [8] extended the classical problem of natural convection of a regular fluid over an isothermal vertical plate to the flow with a nanofluid taking into account the combined effects of heat and mass transfer in the presence of Brownian motion and thermophoresis as proposed by Buongiorno [7] and later by Nield and Kuznetsov [9] and Cheng-Minkowycz problem [10] . Khan and Pop [11] studied the steady boundary layer flow of a nanofluid past a stretching sheet and Khan and Aziz [12] investigated the boundary layer flow of a nanofluid past a vertical plate with prescribed heat, solute and nanopartilces flux using the Buongiorno [7] model. Kuznetsov and Nield [13] considered double-diffusive (in reality a triple diffusive) natural convection process from a vertical surface to a binary base fluid containing solute (e.g., salt) as well as nanoparticles. Rana et al. [14] studied the mixed convection boundary layer flow of a nanofluid along an inclined plate embedded in a porous medium. Murthy et al. [15] also investigated the double-diffusive free convection flow over an inclined plate embedded in a non-Darcy porous medium saturated with a nanofluid. In a very recent paper, Khan et al. [16] studied a triple convective-diffusive fluid mixture embedded in a porous medium saturated by a nanofluid on a horizontal plate heated from below and salted from above and below.
It should be, however, mentioned that Nield and Kuznetsov [9, 17] observed that nanoparticles are suspended in the nanofluid using either surfactant or surface charge technology. It is very important to explain how a nanofluid flow is possible in a porous medium. Without special precautions, nanoparticles will be simply absorbed by the porous matrix. Basically, the porous matrix will work as a filter for nanoparticles. This situation has been very well described, explained, and modeled in the recent papers by Wu et al. [18, 19] . The physical situation described in shows that the work on porous media filled by nanofluids are not just a mathematical exercise, but are based on deep physical understanding of nanofluid flows.
Recently, Rionero [20] showed that the presence of more than one chemical dissolved in fluid mixtures is required for describing natural phenomena (contaminant transport, underground water flow, acid rain effects, warning of the stratosphere). The present paper investigates a triple convective-diffusive fluid mixture flow on an inclined plate salted from above and below embedded in a porous medium filled by a water-based nanofluid containing two salts with heat, mass and nanoparticle fluxes. The objective of this study is to investigate cross-diffusion in nanofluids, with the aim of making a detailed comparison with regular cross diffusion effects and the cross-diffusion effects peculiar to nanofluids, and at the same time studying the interaction between these effects when the base fluid of the nanofluid contains two different salts.
Mathematical analysis
Consider a two-dimensional, incompressible, steady, laminar boundary layer natural convection of a nanofluid past an inclined plate embedded in a porous medium saturated with two different salts having different properties, with an acute angle  to the vertical. The x-axis is along the plate and the y-axis is normal to the plate. The plate is imposed to the surface heat flux, solutal flux of two different salts and the nanoparticle flux, each are prescribed as functions of the distance along the plate (x). The flow in the homogeneous porous medium with the porosity  and the permeability K is considered as a Darcy flow, and the Oberbeck-Boussinesq approximation is employed. The porous medium and the nanofluid are assumed in the local thermal equilibrium. In addition, the thermal energy equations include regular diffusion and crossdiffusion terms for components of salts having concentration, C 1 and C 2. Following Rionero [20] , we assume that two different chemical components ("salts") S m (m=1, 2) are dissolved in the fluid-saturated porous medium, which have concentrations C m (m=1, 2) respectively. At the large distance from the plate y   the temperature, solutal concentrations of both salts and the nanoparticle concentration are represented by , , 
where, the boundary conditions are given as follows
, , as , ,
Using dimensionless variables as 10) with the local Rayleigh number defined as
Using the similarity transformation Eqs (2.10), the governing Eqs (2.2)-(2.6) reduce the following four coupled, nonlinear ordinary differential equations
The transformed boundary conditions are
where prime denotes the differentiation with respect to '  '. The various parameters are defined as
The quantities of physical interest are the local Nusselt number, the Sherwood number corresponding to salts S 1 and S 2 and the nanofluid Sherwood number, which are defined by
In terms of dimensionless variables, these local numbers are written as a modified Nusselt number, modified Sherwood numbers and the modified nanofluid Sherwood number, respectively and can be written as
Numerical implementation

Finite Element Method
The Finite Element Method (FEM) is a computer-based and numerical scheme which is used for solving a different kind of practical engineering problems that occur in many fields, such as heat transfer, fluid mechanics [21] , chemical processing [22] , rigid body dynamics [23] , solid mechanics [24] , and many other fields. The system of ODE given by Eqs (2.12)-(2.16) and (2.17), (2.18) is solved using the FEM, which is a robust technique for numerical simulation. Assuming
the system of Eqs (2.12)-(2.16) reduces to
3)
and the corresponding boundary conditions are
The weighted residual formulation associated with Eqs (3.1)-(3.6) over a typical quadratic element is given by 
where 
Substituting Eq.(3.16) into the weighted residual formulations Eqs (3.9)-(3.14) of the given differential equations. The finite element model of the equations thus formed is given by 
Validation of the proposed method
An extensive mesh testing procedure was conducted to ensure a grid-independence solution of a given boundary value problem. The present code was tested for grid independence by calculating the reduced Nusselt, reduced Sherwood and reduced nanofluid Sherwood number on the wall of the sheet. Different combinations of the mesh were explored for . , , , It has been observed that in the same domain the accuracy is not affected even if the number of elements is increased or the size of the elements is decreased. This serves only to increase compilation times and does not enhance in any way the accuracy of the solutions. Thus, for computational purposes, 6000 elements (h e = 0.001) are taken for presentation of the results. It was verified that the same grid size (0.001) ensures the grid independent solution for all functions. For computational purposes, the region of integration  is computed as 0 to   =6, where   corresponds to    which lies very well outside the momentum and thermal boundary layers.
It has been observed that for the moderate values of   (>6.0), there is no appreciable effect on the results. Therefore for computational purposes, infinity has been set as 6.0. The influence of Nb, Nt, Nr and Ln on the reduced Nusselt number is shown in Tab.2. Further, the results are compared with those reported by Noghrehabadi et al. [25] . The comparisons in all the cases are found to be in good agreement.
Results and discussions
Numerical computations have been carried out for different values of the parameters involved, namely the Prandtl number (Pr), regular Lewis number (Le 1 , Le 2 ), modified Dufour parameters of both salts (Nd 1 , Nd 2 ), buoyancy ratio of both salts (Nc 1 , Nc 2 ), Dufour-solutal Lewis number of salts 1 and 2 (Ld 1 ,Ld 2 ), angle of inclination, nanofluid buoyancy ratio (Nr), nanofluid Lewis number (Ln), the Brownian motion parameter (Nb) and thermophoresis parameter (Nt). The effects of the flow controlling parameters on the dimensionless velocity, temperature, solutal concentrations of both salts, nanoparticle concentration, the rate of heat and mass transfer are investigated and presented graphically in Figs 1-10 .
The numerical values of the reduced Nusselt number Nur, reduced local Sherwood number of both salts Shr 1 , Shr 2 and reduced nanofluid Sherwood number Shrn are given in Tabs 3-5 for various values of parameters. Table 3 depicts the effect of nanofluid buoyancy ratio, nanofluid, and the modified Dufour parameters on the dimensionless heat transfer rates for assisting flow. The results in this table indicate that the increase in the Brownian motion parameter, the thermophoresis parameter, or the buoyancy ratio parameter decreases the heat transfer rates. This table shows that an increase in the modified Dufour parameter increases the heat transfer rates. The variations of the heat transfer in Tab.3 reveal that the effects of the nanofluid parameters on the heat transfer rate are more than that of the nanofluid buoyancy ratio parameter. The effects of the regular and nanofluid Lewis number on the dimensionless mass transfer of both salts and nanoparticles rates are shown in Tab.4. It can be noticed that mass transfer rates of salts 1 & 2 and nanoparticles depend upon their respective Lewis numbers.
The variation of the reduced Nusselt number, Sherwood number of both salts and nanofluid Sherwood number with the thermophoretic parameter Nt, inclination angle  and nanofluid Lewis number Ln is presented in Tab.5 for aiding flows only. Clearly, the heat transfer rate and mass transfer rate of both salts and nanoparticles decreases with an increase in the angle of inclination  . The heat and mass transfer rate is larger for the case of vertical surfaces ( 0   ) as compared to the horizontal surfaces ( /2    ). Figure 1 shows the profiles of stream function, temperature, solutal concentration of salt 1 & 2 and nanoparticle concentration for selected parameters. Figure 2 depicts the effects of all the three types of diffusion on the reduced Nusselt number (dimensionless heat transfer rates) and a comparison of diffusion is also shown in this figure. It can be seen that in the case of a regular fluid (without nanofluids and salts), the dimensionless heat transfer rate is smaller than other diffusions. After the inclusion of nanofluids and salts, the rate of heat transfer increases due to an increase in the thermal conductivity and rate of diffusion of both salts.
Figures 3a and 3b depict the effects of the buoyancy ratio of salt 1 and exponent  . The effect of changing the exponent  from 0 to 1.0 is to decrease the local (at a given value of  ) values of the surface temperature in both assisting and opposing flows. The buoyancy ratio of salt 1 reduces the dimensionless temperature and hence the thickness of the thermal boundary also reduces in the case of aiding flows, whereas in the case of opposing flows, it helps in increasing the surface temperature. 
Conclusion
The result can be summarized as follows:  The addition of nanoparticles and salts in the base fluid increases the heat transfer rates. Thus, useful in fast cooling on the drug delivery with induction of nanoparticles.  Temperature decreases with the buoyancy ratio of salt 1 for assisting flows but an opposite trend is found in the case of opposing flows.  Increasing the thermophoresis parameter (Nt) increases nanoparticle concentration, whereas increasing the Brownian motion parameter (Nb) decreases the concentration of nanoparticles. So, nano mass transfer rates increase with Nb but decrease with Nt.  An increase in the angle of inclination of the inclined surface reduces the heat, regular mass, and nanoparticle mass transfer rates between the porous medium and the inclined surface. This is an important conclusion, for efficient drug delivery where the direction of incision has an important role.  The effect of variation of the Brownian motion or the thermophoresis parameter on the heat transfer rate is larger than that of the buoyancy ratio parameter, implying the effectiveness of nanofluids.
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